Two recent studies found that RBMS1 gene rs7593730 and BCAR1 gene rs7202877 are related to type 2 diabetes. However, the association of these loci with type 2 diabetes mellitus (T2DM) has not been examined in Chinese. We performed a replication study to investigate the association of the 2 susceptibility loci with T2DM in the Chinese population. We genotyped 1961 Chinese participants (991 with T2DM and 970 controls) for each of the 2 single nucleotide polymorphisms (SNPs) rs7593730 in RBMS1 and rs7202877 near BCAR1 using SNPscan and examined their association with T2DM using logistic regression analysis. We also analyzed the correlation of the SNP alleles and clinical phenotypes. 
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is the most common type of diabetes mellitus, which is characterized by insulin resistance combined with relatively reduced insulin secretion (Chehade & Mooradian, 2000; DeFronzo et al., 2004; Wild et al., 2004; Carpino & Goodwin, 2010) . It is a chronic metabolic disease that affects the body's ability to turn food into energy. People developing T2DM may suffer from blindness, renal failure, coronary artery disease, and so forth. Because of its dramatic increase worldwide, T2DM has reached an epidemic scale that is anticipated to affect over 360 million people by 2030. The prevalence of type 2 diabetes in adults has increased to 9.7% in China (Pan et al., 2009; Yang et al., 2010; Tao et al., 2016) .
Recently, studies of gene polymorphism are more and more popular, which helped to find new genes associated with T2DM susceptibility. More than 75 T2DM susceptibility-related genes have been identified so far, mostly through genome-wide association studies (GWAS) (Sanghera & Blackett, 2012) . These novel findings offer unique insight into the pathogenesis of T2DM development and function (McCarthy & Zeggini, 2009) .
Previous studies reported that two identified genes were directly or indirectly in correlation with T2DM. RNA binding motif single stranded interacting protein 1 (RBMS1) gene is located on the human chromosome 2q24.2. RBMS1 gene encodes a member of a small family of proteins that binds single-stranded DNA/RNA and is implicated in diverse functions such as DNA replication, gene transcription, apoptosis and cell cycle progression by interacting with the c-Myc protein (Takai et al., 1994) . The RBMS1 is expressed in many T2DM-related tissues such as muscle, liver and adipose tissue (Qi et al., 2010; Zhu et al., 2015) . However, the role of this gene in diabetogenic pathways has not been reported.
The allele T of the single nucleotide polymorphism (SNP) rs7593730 was associated with a 0.009 mmol/L lower fasting glucose (P=4.35E-2) in the Meta-Analysis of Glucose and Insulin-related traits Consortium (Qi et al., 2010) . It was indicated that another SNP rs6718526 in RBMS1 is associated with the risk of T2DM in Antioquian, a South American mestizo population (Campbell et al., 2012) .
Breast cancer anti-estrogen resistance 1 (BCAR1), also named p130cas, is one of the Crk-associated substrate protein (CAS) family members (Reynolds et al., 1989; Vol. 65, No 3/2018 377-382 https://doi.org/10.18388/abp.2017_1451 Kanner et al., 1991) . As an adapter protein, BCAR1 localizes to chromosome 16q22-q233. BCAR1 has important roles in a variety of cellular processes, such as apoptosis, cell cycle, migration, chemotaxis, and differentiation (Cabodi et al., 2006; Tang, 2009; Cabodi et al., 2010; Tikhmyanova et al., 2010) . Three articles reported that BCAR1 gene rs7202877 was associated with T2DM. A genome-wide association study in European American and African Americans identified rs7202877 as a susceptible locus for T2DM (Keaton et al., 2014) . Recently, Marie N. Harder and other scholars found in Danish individuals that BCAR1 rs7202877 may mediate its diabetogenic impact through impaired B-cell function (Harder et al., 2013) . However, analysis performed on Japanese subjects could not confirm the association of BCAR1 locus with T2DM risk (Matsuba et al., 2015) .
To improve our understanding of the role of RBMS1 and BCAR1 genes in T2DM predisposition, it is extremely important to understand the consequences of genetic diversity in other ethnic populations. Han Chinese constitutes the largest ethnic group in the world, and its spurious associations due to the population structure pose a challenge to genetic studies. The role of RBMS1 and BCAR1 genes in T2DM in the Han population has not been referred in the literature. Therefore, we conducted a case-control study to investigate the role of RBMS1 and BCAR1 genes SNPs in T2DM risk in the Han population in northeastern China by SNPscan method.
MATERIALS AND METHODS
Study population and clinical parameters. All subjects were recruited from the outpatient clinics of the Second Affiliated Hospital of Harbin Medical University, including 991 T2DM patients and 970 controls. The patients had given consent to take part in the research and the Authors have a document stating that ethical issues had been considered (this fact sheet has been endorsed by the University Research Ethics Committee). The patients were of the Han Chinese residing in the northeast area.
The inclusion criteria for the control group were the following: 1) HbA1c <6.0%; 2) Fasting Plasma Glucose (FPG) <5.1mmol/L; 3) no history of diagnosing diabetes; 4) no family history of T2DM; 5) no treatment with drugs that affect lipid and carbohydrate exchange; 6) no systemic diseases.
T2DM was diagnosed by the criteria of the World Health Organization (WHO) from 1999 (Alberti & Zimmet, 1998) , as the following features: FPG≥7.0 mmol/L and/or 2 hours postprandial plasma glucose≥11.1 mmol/L. In this group, diabetes was diagnosed not more than six months earlier, and the subjects were not treated with insulin.
Exclusion criteria for the study group were: 1) renal and hepatic failure; 2) cardiovascular disease; 3) acute diabetic complications; 4) malignant tumors, severe injury, infections, and endocrine diseases; 5) other types of diabetes; 6) type 2 diabetes patients receiving the lipid-lowering and/or oral hypoglycemic agents were not included in the study group.
Firstly, gender, age, height, weight, waist circumference, hip circumference, and blood pressure were recorded. Secondly, the clinical parameters of patients were tested, including FPG, total cholesterol (TC), triacylglycerol (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), fasting insulin (FINS) concentration and HbA1c. Finally, waist-hip ratio (WHR), homeostasis model of assessment for insulin resistance index (HOMA-IR) and body mass index (BMI) were calculated.
DNA extraction and genotype analysis. About 4-ml samples of venous blood were collected from each person. Blood samples were collected from patients using Vacutainers and transferred to tubes lined with ethylene diamine tetraacetic acid (EDTA). SNP genotyping was performed using a custom-made 2×48-Plex SNPscan TM Kit (cat. no. G0104; Genesky Biotechnologies Inc., Shanghai, China). The kit was developed according to patented SNP genotyping technology by Genesky Biotechnologies Inc., which was based on double ligation and multiplex fluorescence PCR. In order to validate the genotyping accuracy using SNPscan TM Kit, a 5% random sample of cases and controls were genotyped twice per all SNPs by different persons. In detail, we included 100 pairs of blind duplicates and the concordance rates were more than 98%.
Statistical analyses. The Hardy-Weinberg equilibrium was evaluated using Pearson's χ 2 test separately for cases and controls. Differences between cases and controls in demographic characteristics and risk factors were evaluated by χ 2 test (for categorical variables) or Student's t-test (for continuous variables). The allele frequencies between cases and controls were compared using χ 2 test. Statistical evaluations for testing the genetic effects of association between the case-control status and each individual SNP, measured by the odds ratios (ORs) and 95% confidence intervals (CIs), were estimated using unconditional logistic regression after adjusting for gender, age, WHR, TG, HDL-C, HOMA-IR. Correlation between variables and each SNP allele was determined using Spearman's correlation test. SPSS 17.0 software package (SPSS, Chicago, Illinois, USA; version 13.0) was used for all statistical analyses. All presented P values were two-sided, and the level of P<0.05 was considered statistically significant.
RESULTS

Characteristics of the study population
Characteristics of the cases and controls were shown in Table 1 . 991 T2DM patients and 970 nondiabetic controls were genotyped for SNPs (RBMS1 -rs7593730 and BCAR1 -rs7202877) and analyzed for association with T2DM. The differences in the distribution of gender (P=0.191) and LDL-C (P=0.787) between cases and controls were not statistically significant. The differences of the other clinical parameters between cases and controls were statistically significant, including age, WHR, FPG, HbA1c, FINS, TC, TG, HDL-C and HOMA-IR.
Analysis of SNP rs7202877 and rs7593730 association with T2DM
Genotype distribution of the investigated SNPs did not deviate from Hardy-Weinberg equilibrium both in cases and controls. The genotype distribution of RBMS1 rs7593730 and BCAR1 rs7202877 in the cases and the controls was shown in Allele association analysis of rs7593730 and rs7202877 with type 2 diabetes was showed in Table 3 . In rs7593730, the T allele carriers had significantly decreased T2DM risk compared to carriers of C (P=0.002, OR 0.65, 95% CI 0.50-0.86) after adjustments for gender, age, WHR, TG, HDL-C, HOMA-IR.
Correlation analysis between clinical parameters and the two SNPs
The SNP rs7202877 allele G (Table 4) was statistically significantly correlated with TC (mmol/L) (P=0.036) and 
DISCUSSION
In 2012, an European GWAS meta-analysis identified rs7202877 near BCAR1 as associated with type 2 diabetes (Morris et al., 2012) . A study from Harvard University showed that the T allele of rs7593730 was associated with a 10% lower odds of T2DM (Qi et al., 2010) . It is well known that the frequencies and the effects of genetic variations are different among ethnic groups and geographic regions. As we all know, the prevalence of diabetes is high and is increasing fast in China (Zhu et al., 2015) . Therefore, investigating the two SNPs associated with the risk of type 2 diabetes in China is especially important. In this case-control study, we sought to evaluate the association of two SNPs, rs7593730 in RBMS1 and rs7202877 near BCAR1, with susceptibility to type 2 diabetes in the Chinese Han population.
We analyzed the effect of the genotype of RBMS1 rs7593730 under genetic model by logistic tests. In the additive model, the genotype CT and TT reduced the risk of T2DM compared to CC (CT: CC P=0.038, OR 0.71, 95% CI 0.51-0.98; TT: CC P=0.010, OR 0.32, 95% CI 0.13-0.76). The allele T was associated with significantly decreased T2DM risk compared to allele C (P=0.002, OR 0.65, 95% CI 0.50-0.86), which was similar to the previous study that T was the protective allele (P=3.7×10 -8 , OR 0.90, 95% CI 0.86-0.93) (Qi et al., 2010) . Correlation analysis showed that the SNP rs7593730 allele T was statistically correlated with FINS (P=0.010). This result was also consistent with the findings of the previous study that allele T of rs7593730 was associated with a 0.009 mmol/L lower fasting glucose (=4.35E-2) (Qi et al., 2010) . We infer that rs7593730 is likely related to T2DM via influencing insulin secretion.
The association of another SNP rs6718526 in RBMS1 was defined in Antioquian, a South American mestizo population GWAS (Campbell et al., 2012) . It was shown that logistic regression incorporating SES, BMI and ancestry as covariates found nominally significant association (P<0.05) for rs6718526 (RBMS1) (Campbell et al., 2012) . The molecular pathogenesis by which RBMS1 gene participates in T2DM is not yet clear. Qi with others demonstrated that RBMS1 is expressed in tissues of biological relevance to T2DM such as muscle, liver and adipose tissue (Qi et al., 2010) . RBMS1 also appeared responsive to inflammation, as demonstrated in vitro when cells were directly exposed to inflammatory agents and in vivo. Since inflammation is implicated in T2DM (Shoelson et al., 2006) , it is possible that the association between variants encompassing RBMS1 with T2DM is mediated through a role in inflammatory pathways. In addition, a high-fat diet tended to induce the expression of RBMS1 (Qi et al., 2010) . Furthermore, rs7593730 was confirmed to have cis-regulation effects on the expression of RBMS1 gene, and the RBMS1 was proved to have differential expression signals in the T2DM-associated cell groups (Zhu et al., 2015) . We are fully aware of the exploratory nature of these experiments and more extensive follow-up is required before proposing such a mechanism.
Genotype association analysis of BCAR1 rs7202877 locus in our study revealed that the homozygous GG carriers had significantly decreased T2DM risk compared to homozygous carriers of TT (P=0.038, OR 0.44, 95% CI 0.20-0.96). In the recessive model, it was shown that the GG genotype carriers had significantly decreased T2DM risk compared to GT+TT (P=0.043, OR 0.67, 95% CI 0.46-0.99). The results were similar to the previous European GWAS study that G was the protective allele (Morris et al., 2012) . A genome-wide association (GWA) study in European American and African Americans also identified rs7202877 as a susceptible locus for T2DM (Keaton et al., 2014) . Leen M. 't Hart reported the positive effects of the G allele of rs7202877 on GLP-1-stimulated insulin secretion; subjects carrying the G allele showed a 33%-increase in GLP-1-stimulated insulin secretion (P=1.9×10 -6 ), which likely explained the protective effect of this allele on type 2 diabetes susceptibility ('t Hart et al., 2013) . Recently, Marie N. Harder and other scholars found in Danish population that T allele of BCAR1 rs7202877 had increased 30-minute and 2-hour glucose levels, suggesting that the T allele may confer T2D risk through impairment of B-cell function (Harder et al., 2013) . However, the Japanese GWAS showed BCAR1 gene SNP rs7202877 could not replicate the association with future risk of T2DM (Keaton et al., 2014) . Frequencies of some genetic variations may be different among ethnic groups and geographic regions. The effects of this SNP locus need to be evaluated in sufficiently powered, larger populations.
We also found that the allele G of rs7202877 was statistically correlated with TC (mmol/L) (P=0.036) and LDL-C (mmol/L) (P=0.007). It is known that in diabetes the postprandial regulation of lipids is impaired as a result of insulin resistance and inadequate secretion of insulin, leading to increased levels of triglycerides and cholesterol (Laakso et al., 1993; Alberti et al., 2006) . Insulin also promotes the synthesis of lipids, and inhibits their degradation (Saltiel & Kahn, 2001) . It is known that plasma cholesterol levels are independently associated with insulin resistance and are independent predictors of CVD (Manninen et al., 1992) . BCAR1 also plays a critical role inside the beta cells and was naturally linked with various insulin-related conditions, not only T2DM, but also other diseases and symptoms such as obesity and atherosclerosis. Sweden scholars found that the BCAR1-CFDP1-TMEM170A is implicated in atherosclerotic cardiovascular disease and chronic obstructive pulmonary disease, which both have strong inflammatory components and involve tissue remodeling, including dysregulation of smooth muscle cell phenotype and function, and which exhibit pronounced comorbidity (Maclay et al., 2007; Gertow et al., 2012 ). An association does not necessarily mean that the nucleotide change at the associated SNP leads to direct effects on the phenotype under study. Therefore, it is likely that some causal variants could be ethnic-specific or could be present elsewhere in the same or nearby gene. It was suggested that differences in the pattern of linkage disequilibrium between these SNPs and functional variants at these loci could underlie these disparate findings. Alternatively, gene-environment interactions may operate in the pathogenesis of T2DM and those differences in the level of environmental risk factors in various populations may alter the impact of susceptibility loci on the risk of T2DM.
In the current samples, comprised of the Han population in northeastern China, false-positive or false-negative associations owing to population substructure are less likely to exist. The population was relatively homogeneous: the subjects all lived in the same area with sharp-continental climate, had the same dietary preferences in the ratio of fat and carbohydrates and belonged to the same ethnic group. To our knowledge, this study is the first to demonstrate that the RBMS1 gene rs7593730 and BCAR1 gene rs7202877 are associated with T2DM in the northeastern Han Chinese.
However, several inherent limitations must be noted. As the controls were recruited from hospitals, some level of selection bias could not be ruled out. All control individuals in our study came to the hospitals for routine health examination, not hospitalized as a result of specific diseases. This probably made the controls more representative of the general population. Under existing conditions, the potential selection bias was believed to be minimized.
CONCLUSION
We observed significant association of RBMS1 gene rs7593730 and BCAR1 gene rs7202877 with type 2 diabetes in the Chinese population. The results indicate that they are common type 2 diabetes susceptibility loci across different ethnic groups. However, further functional studies are necessary to elucidate the biological mechanisms of each locus for conferring susceptibility to the disease.
